-3 -Magnetic fields emerge onto the solar atmosphere as bipolar regions of opposite polarities connected by field lines forming an Ω-loop (Zwaan 1985) . This emergence occurs in a broad range of spatial and magnetic flux scales, ranging from the large active regions harboring sunspots, down to the lower scales of ephemeral regions. It seems natural to wonder if this pattern continues down to the resolution limit and beyond, with smaller and weaker magnetic loops (Stenflo 1992) . However, the observation of relatively weak magnetic fields at such small scales is extremely challenging, and 'quiet' Sun magnetism is roughly characterized as disorganized or 'turbulent ' (e.g. Martin 1988; Stenflo 1992; Trujillo Bueno et al. 2004) . It has been argued that such turbulent fields could dissipate enough magnetic energy to balance the radiative losses of the hot chromosphere (Trujillo Bueno et al. 2004) , though no physical mechanism has been proposed. Recently, evidence has been found that at least part of the magnetic fields in the quiet Sun are well-organized as small bipoles on granular scales , and that they are, in fact, highly dynamic Centeno et al. 2007; Ishikawa et al. 2007; Gömöry et al. 2010 ). This suggests the possibility of a truly multiscale solar magnetism with loop structures coupling the surface and atmosphere at different spatial and time scales. Here, we show the detailed three-dimensional evolution of the small-scale emerging magnetic loops in the quietest surface of the Sun and reaching the outer atmosphere. Although the intermittent nature of these fields was argued to limit their direct effect on the outer solar atmosphere (Schrijver et al. 1998) , we demonstrate that they may have important implications for the heating of the chromosphere. (Ruiz Cobo & del Toro Iniesta 1992) . In each spectropolarimetric scan we choose the pixels with high enough polarimetric signal to get a reliable inversion. The inclinations at different pixels define a family of curves ('field lines') that are tangent to the inclinations at all pixels.
Among all the possible field lines (the same one up to an arbitrary vertical shift), we choose the one passing through the 'height of formation' of the Fe i 630 nm line pair over the patch of solar surface where a significant amount of polarization is detected. When the linear polarization disappears we force the azimuth to lie on the line connecting both polarities and the inclination to vary linearly between the footpoints. Determining the magnetic field strength in low-flux areas from the inversion of noisy spectropolarimetric observations can be problematic due to degeneracies between thermodynamic and magnetic parameters (Martínez González et al. 2006) .
In order to get a reliable estimate of the magnetic field strength we sacrifice spatial resolution to increase the signal-to-noise of the data. We average the signal in all the pixels in a loop footpoint at different times and we have performed a Bayesian inversion based on a Milne-Eddington approach (Asensio Ramos et al. 2007 ). However, the orientation of the magnetic field vector is very robust. In those frames in which linear (Stokes Q and/or U) and circular polarisation (Stokes V) are detected, the magnetic field inclination and azimuth are well determined.
The reconstructed time evolution of such an emergence event is plotted in Fig. 1 . For simplicity, we show only the central field line of the whole bunch of lines. When the magnetic field emerges into the quiet surface the loop presents a flattened, geometry and it maintains this geometry across the photosphere. This is qualitatively consistent with the topology observed in the discovery of low-lying loops ). The mean ascent velocity within the photosphere is ∼ 3 km s −1 , while the footpoints separate between them at a velocity of 6 km s The temperature minimum marks just the lower boundary of the chromosphere, hence, this flux density can be used to compute the rate of magnetic energy injected to the chromosphere by the loop. Assuming the same magnetic filling factor as in the photosphere (30%) and an inclination of magnetic fields 25
• as shown by the reconstructed loops field lines at the temperature minimum region, the magnetic field strength is B = 55 G. This number is consistent with estimating the magnetic field strength at the apex as B ′ ≈ BR 2 /R ′2 (from magnetic flux conservation), R being the radius of the photospheric footpoints and R ′ the radius of the loop cross section at the temperature minimum. From the reconstruction, we find that, around 500 km, R 2 /R ′2 ≈ 0.25.
Therefore, the magnetic field strength must be 52 G. The magnetic field energy density associated to such a field is E mag = B 2 /8π ≈ 120 erg cm Our estimate of the magnetic energy injection is rather conservative and it will probably increase with more sensitive observations. The absolute number of detected events will increase with higher signal-to-noise observations or if we observe at more sensitive spectral regions as the infrared. In fact, Martínez González et al. (2007) report 0.0098 loops arcsec −2 from spectropolarimetric observations of the Fe i 1.56 µm lines without temporal resolution. Assuming that both infrared and visible loops are of the same nature and last 2 minutes as a recognisable full loop in the photosphere, the estimated emergence rate in the infrared is 0.3 loops h −1 arcsec −2 . The magnetic energy injection is then 2.2 × 10 7 erg cm −2 s −1 , which is of the same order of the estimated radiative losses for the chromosphere.
The role of the very quiet Sun in heating the outer atmosphere comprises three physical aspects: the generation and transport of mechanical energy from the photosphere to the chromosphere, and the dissipation of this energy in those layers. We have shown that the flux emerges as a three-dimensional myriad of field lines that, despite their weak field strengths and hence their distortion by plasma motions, adopt the form of Ω-loops and reach the chromosphere.
The energy injection of these loops in the chromosphere is at least of the same order of magnitude as the radiative losses in that layer. This magnetic energy must be transformed into heat by a physical mechanism. Recent magneto-hydrodynamical (MHD) simulations suggest that the small loops reach chromospheric heights and get reconnected with the local expanding magnetic fields, heating the plasma and generating MHD waves that propagate into the corona (Isobe et al. -8 -2008 ). Another source of heating could be the dissipation of magnetic energy at electric current density (Solanki et al. 2003) and should be quantified in future works. We can estimate that, at photospheric layers, using Ampère's Law, the mean value of current sheets is of about 15-45 mA m −2 .
It has been suggested that the radiative losses are significantly larger in the chromosphere than in the corona (Ishikawa & Tsuneta 2009) , thus the chromospheric heating represents a bigger challenge as it requires a large energy input. Furthermore, it seems that the process(es) responsible for the coronal heating must also act in the chromosphere (de Pontieu et al. 2009 ). Taken together, these arguments suggest that small-scale loops emerging in the quiet Sun may have important consequences not only for the heating of the chromosphere, but also that of the corona.
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